
Core-‐Collapse	  Supernovae	  

Scien1fic	  and	  Computa1onal	  Challenges	  

Develop	  a	  quantum	  kine1c	  theory	  of	  neutrinos	  in	  
core-‐collapse	  supernovae	  and	  computa1onal	  
approaches	  to	  the	  resultant	  equa1ons	  on	  
exascale	  pla>orms.	  
Develop	  mul1-‐core-‐aware	  algorithms	  to	  
incorporate	  all	  requisite	  physics.	  	  
	  

	  Use	  core-‐collapse	  supernova	  simula1ons	  as	  
probes	  of	  key	  neutrino	  proper1es,	  the	  
proper1es	  of	  dense	  maDer,	  and	  the	  origin	  of	  
the	  elements.	  

Perform	  3D,	  mul1-‐physics	  simula1ons	  of	  core-‐	  
collapse	  supernovae.	  	  

A	  quan1ta1ve,	  predic1ve	  model	  of	  core-‐collapse	  
supernovae	  allowing	  us	  to	  predict	  a	  host	  of	  
observables.	  

Scalable	  computa1onal	  approaches	  to	  3D,	  
conserva1ve,	  mul1-‐angle,	  mul1-‐frequency	  
radia1on	  magnetohydrodynamics.	  

	  

Core-‐collapse	  supernova	  simula1ons	  with	  
adequate	  physical	  fidelity	  can	  be	  used	  to	  
constrain	  proper1es	  of	  dense	  and	  neutron-‐rich	  
maDer.	  	  
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Thermonuclear	  Supernovae	  

Scien1fic	  and	  Computa1onal	  Challenges	  

Develop	  a	  suite	  of	  codes	  able	  to	  span	  the	  disparate	  
spa1al	  scales	  of	  the	  problem,	  from	  the	  scale	  of	  the	  
white	  dwarf	  to	  the	  flame	  width,	  incorpora1ng	  all	  
requisite	  physics.	  	  	  
Integrate	  these	  implementa1ons	  into	  simula1ons	  
modeling	  the	  en1re	  event,	  including	  detailed	  nuclear	  
kine1cs	  and	  weak	  interac1on	  physics.	  	  
	  

	  Use	  thermonuclear	  supernova	  simula1ons	  to	  
understand	  nuclear	  burning	  in	  strong	  gravity	  
and	  to	  calibrate	  Type	  Ia	  standard	  candles,	  
allowing	  a	  quan1ta1ve	  study	  of	  dark	  energy.	  

Perform	  3D,	  highly-‐resolved	  simula1ons	  of	  
thermonuclear	  supernovae.	  	  

A	  calibrated	  Type	  Ia	  distance	  scale,	  including	  
poten1al	  environmental	  effects	  (e.g.	  metallicity).	  

Detailed	  knowledge	  of	  the	  explosion	  mechanism	  
and	  the	  nucleosynthe1c	  consequences.	  

Develop	  codes	  for	  reac1ve	  turbulent	  flow	  
capable	  of	  strong	  scaling	  to	  >105	  cores.	  

	  

Understanding	  of	  weak	  interac1on	  physics	  at	  high	  
neutron	  excess.	  
Connec1ons	  to	  spectroscopic	  observa1ons	  can	  constrain	  
reac1on	  rates,	  par11on	  func1ons,	  etc.	  through	  element	  
synthesis.	  
• 	  	  3	  years:	  Whole-‐star	  simula1ons	  with	  resolu1ons	  of	  ~1km.	  
• 	  	  6	  years:	  Whole-‐star	  simula1ons	  with	  reduced	  nuclear	  kine1cs	  
and	  resolu1ons	  approaching	  the	  Gibson	  length	  scale.	  
• 	  10	  years:	  Whole-‐star	  simula1ons	  capturing	  all	  DDT-‐crucial	  scales	  
with	  detailed	  nuclear	  kine1cs.	  
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